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Under the NESHAP regulations, DOE facilities are required to submit an annual report each year. The NESHAP regulation specifies the content of the report and DOE provides further guidance (DOE 1994) . This document is Berkeley Lab's annual report of radionuclide air emissions for 2014 and meets the NESHAP requirements for reporting. This report can be found on the Berkeley Lab website at http://www2.lbl.gov/ehs/esg/Reports/tableforreports.shtml .
Executive Summary
Berkeley Lab operates facilities that are subject to the EPA radioactive air emission regulations in 40 CFR 61, Subpart H, which limits doses from airborne emissions to less than 10 mrem/yr (0.1 mSv/yr) (EPA 1989a 
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Facility Information
Lawrence Berkeley National Laboratory (LBNL), also known as Berkeley Lab, was founded by Ernest O. Lawrence in 1931. Lawrence invented a unique particle accelerator, called a cyclotron, ushering in a new era in the study of subatomic particles, and receiving the Nobel Prize in physics for it in 1939. Through his work, Lawrence launched the modern era of multidisciplinary team science. To this day, Berkeley Lab continues the tradition of multidisciplinary scientific teams working together to solve global problems in human health, technology, energy, and the environment.
Berkeley Lab supports work in such diverse fields as genomics, physical biosciences, alternative fuels, nanoscience, life sciences, fundamental physics, accelerator physics and engineering, energy conservation technology, and materials science. Through its fundamental research in these fields, Berkeley Lab has achieved international recognition for its leadership and has made numerous contributions to national programs. Berkeley Lab's research embraces the following concepts to align with the Department of Energy (DOE) mission:
• Explore the complexity of energy and matter Adjacent land use consists of residential, institutional, and recreational areas. The area to the south and east of the main site, which is UC land, is maintained largely in a natural or undeveloped state but includes UC Berkeley's Strawberry Canyon Recreational Area and Botanical Garden. To the northeast are the university's Lawrence Hall of Science, Space Sciences Laboratory, and Mathematical Sciences Research Institute. Berkeley Lab is bordered to the north by a residential neighborhood of low-density, single-family homes and to the west by the UC Berkeley campus as well as multi-unit dwellings, student residence halls, and private homes. This area to the west of Berkeley Lab is highly urbanized.
The local climate is temperate, influenced by the moderating effects of nearby San Francisco Bay and the Pacific Ocean to the west, and by the East Bay hills paralleling the eastern shore of this same bay on the east. These physical barriers contribute significantly to the relatively warm, wet winters and cool, dry summers. In 2014, onsite precipitation totaled 34.1 inches (in) (86.6 centimeters [cm]), absolute humidity averaged 8.5 grams/cubic meter (g/m³), and ambient temperature averaged 58.0 °Fahrenheit
On-site wind patterns change little from one year to the next. The most prevalent wind pattern occurs during fair weather, with daytime westerly winds blowing off the bay, followed by lighter nighttime southeasterly drainage winds off the East Bay hills. The other predominant wind pattern is associated with storm systems passing through the region, which usually occur during the winter months. South-tosoutheast winds in advance of each storm are followed by a shift to west or northwest winds after passage of the system. Vegetation on the Berkeley Lab main site is a mixture of native plants, naturalized exotics, and ornamental species. The site was intensively grazed and farmed for approximately 150 years before Berkeley Lab development began in the 1930s. At the main site, Berkeley Lab manages vegetation in harmony with the local natural succession of native plant communities and maintains the wooded and savanna character of the areas surrounding buildings and roads. Ornamental species are generally restricted to public spaces and courtyards and to areas adjacent to buildings. The site has no known rare, threatened, or endangered plant species.
Wildlife is abundant at the Berkeley Lab main site because it is adjacent to the East Bay Regional Park District and UC open spaces. Wildlife is typical of that found in disturbed (for example, previously grazed) areas of mid-latitude California that feature a Mediterranean climate. More than 120 species of birds, mammals, reptiles, and amphibians are thought to traverse -or exist on the site. The most abundant large mammal is the Colombian black-tailed deer. The Berkeley Lab main site includes protected habitats for spider species, a threatened snake species, and riparian animals.
Source Description
Berkeley Lab operates facilities subject to the Environmental Protection Agency's (EPA's) National Emission Standards for Hazardous Air Pollutants (NESHAP) regulations where radionuclides are produced, handled, stored, and potentially emitted (EPA 1989a) . Berkeley Lab research programs use a wide variety of radionuclides in gas, liquid, and solid phases, and work with radioactive material may be conducted on laboratory bench tops, in fumehoods, in gloveboxes, and/or under ultra-high vacuum. In addition, short-lived radioactive gases are produced as a by-product of charged-particle accelerator operations in Buildings 6, 56, 71, and 88.
Radiochemical and radiobiological studies performed at Berkeley Lab typically use microcurie to millicurie quantities of a variety of radionuclides. All radioactive material is used in accordance with Berkeley Lab authorizations and permits, which include: 1) the location of radiologically controlled areas (areas to which access is managed to protect individuals from exposure to radiation or radioactive materials), 2) the required handling procedures, and 3) appropriate work enclosures for each project. Table 1 -1 identifies buildings at Berkeley Lab where the use or production of unsealed radioactive material was authorized in 2014 and the respective radionuclides at each location. Note that not all authorized radionuclides were used during the year because of the variable nature of Berkeley Lab research projects. Ac-227, Am-240, Am-241, 
Air Emissions Data
At Berkeley Lab radionuclides may be emitted from point sources such as stacks or other exhaust points (such as vents) on the buildings where radionuclide use or production is authorized (see Table 1 -1). Radionuclides could also be uniformly released from an area or emanate from a number of points randomly distributed over an area (referred to as a diffuse source), but in 2014 there were no diffuse sources at Berkeley Lab.
A point source is designated major when, in the absence of all pollution-control equipment, its potential maximum radionuclide emissions can cause a dose greater than 0.1 mrem/yr (0.001 mSv/yr) to the nearest member of the public at an offsite point where there is a residence, school, business, or office. The EPA requires the measurement of emissions from major sources continuously. There are no major sources at Berkeley Lab.
A point source is designated minor when, under the same hypothetical conditions, its potential maximum emissions in the absence of all pollution-control equipment cannot cause a dose greater than 0.1 mrem/yr (0.001 mSv/yr). The EPA requires periodic confirmatory measurements on such sources. In 2014, all Berkeley Lab sources were minor sources of radionuclides. Emissions from minor sources are measured by real-time monitoring, continuous sampling with monthly analysis of the samples, sampling for one month at a time four times a year; or, they are calculated based on quantities received, used, or produced during the year. The approach to measuring radionuclide emissions from Berkeley Lab sources is summarized in The point and group sources at Berkeley Lab comprise many different radionuclides that were authorized for use or production in 2014 (see Table 1 -1); however, not all of those radionuclides were actually received, used, or produced (and thus potentially emitted into the air) during the year because of the variable nature of Berkeley Lab research projects.
Radionuclides that could have been emitted during the year from the Berkeley Lab Main Site are listed in Table 2 -3, along with the total activity of each radionuclide from stack and vent air measurements and from calculations. 
Point Sources: Measured Emissions
In accordance with the EPA-approved approach summarized in Table 2 I, and fiberglass filter for particulate alpha and beta emitting radionuclides. Each medium is changed out after a month and sent to a third-party commercial laboratory for analysis. At sites that are continuously monitored in real time, a sample of the exhaust air is passed through or over detectors that provide a nearly instantaneous measurement of positronemitting radionuclides (at Buildings 56 and 88) or alpha-emitting radionuclides (at Building 70A). Real-time measurements are recorded and archived.
Many of Berkeley Lab's stacks and vents are equipped with such effluent controls as a filter that collects airborne particulates or gases before they are released to the atmosphere. For example, the measured stacks (point sources) on Building 88 have high-efficiency particulate air (HEPA) filters to prevent small particles from entering the atmosphere. Where effluent controls are in place, samples are collected downstream from the filter except at Building 74 where ventilation restrictions required the placement of the sampler before the HEPA. 
Group Sources: Calculated Emissions
In accordance with the EPA-approved approach (Table 2 -1), Berkeley Lab calculates emissions from stacks or other exhaust points if the potential dose from the sources is less than 0.01 mrem/yr (0.0001 mSv/yr). These Category 4 sources (typically radiologically controlled areas where small amounts of radionuclides are authorized for use) are grouped by building, as shown in Table 2 -5, to simplify reporting (DOE 1994). In Table 2 -5, multiple lines for a location indicates the site has effluent stacks with HEPA controls and stacks without. The amount of each radionuclide emitted is calculated by multiplying the entire quantity of that radionuclide received, used, or produced during the year by the appropriate EPA-specified release factor based on the radionuclide's physical state, as provided in 40 Code of Federal Regulations (CFR) Part 61, Appendix D. This method provides a conservative, upper-bound estimate of the annual emissions. 
Dose Model
To comply with NESHAP regulations and DOE guidance, the EPA-approved atmospheric dispersion and radiation dose calculation computer code, CAP88-PC, Version 4.0, was used to calculate the doses at various distances and from various release points (EPA 2006) . For Buildings 1, 977, and 978 -where the nearest member of the public was much less than 328 ft (100 m) from the source -the EPA-approved dose model COMPLY was used to calculate MEI dose (the highest dose to any member of the public at any offsite point where there is a residence, school, business, or office), and CAP88-PC was used for doses at all other distances from the building. Doses to members of the public nearest each building were compared, and the location where the dose was greatest was determined to be the MEI. 
Input Parameters
Input parameters to CAP88-PC and COMPLY include the emissions discussed in Section 2, and buildingspecific and common parameters discussed below. To estimate doses, CAP88-PC, Version 4.0, provides a library of 825 radionuclides, which includes data for all of the radionuclides received, used, or produced during the year.
Previously, for very small quantities of radionuclides (less than 1 × 10 -10 Ci [3.7 bequerel, Bq]), CAP88-PC, Version 3 was unable to produce a numerical radiological dose and would provide zero. CAP88-PC, Version 4, is able to calculate doses for activities less than 1 × 10 -10 Ci (3.7 Bq). In 2014, several radionuclides were used in quantities less than 1 × 10 -10 Ci (3.7 Bq) and were tallied in order to provide a calculated dose to the MEI. These radionuclides were shown to have no measurable contribution to the MEI dose, thus verifying the assumption that had been made in previous years.
When calculating doses from particulate alpha and beta emitting radionuclides, Berkeley Lab assigns gross alpha and gross beta measurements to the high-hazard alpha-emitting radionuclide Sr to represent alpha and beta emissions provides an upper-bound estimate of the dose.
Building-Specific Parameters
For dose assessment, certain Berkeley Lab buildings can be combined because of their proximity to each other and the similarity in the types of operations that are performed in these buildings (DOE 1994) . For combined buildings and buildings with many unsampled stacks and vents, average stack height along with assumed stack diameter (0.3 ft [0.1 m]), exit velocity (0 ft/s [0 m/s]), and receptor distance (from nearest edge of building) values are typically used (Table 3-1) . These input values provide an upperbound estimate of dose and ensure that stack and vent emissions are not underestimated.
For Buildings 56, 75, and 85, where some radionuclide emissions can be correlated to specific stacks (such as glovebox or fumehood stacks), the actual stack diameter and exit velocity are used and modeled separately. The input parameters that vary with building are shown in Table 3 -1.
For the Building 50 complex, 58A, and 77A, authorized radionuclides are in the form of activated materials, which are fixed and not readily dispersed into the air. Because airborne radionuclides are unlikely to be released from these buildings, no emissions were modeled. For Buildings 977 and 978, which are off the main site and are shared by Berkeley Lab employees and members of the public, the distance to the MEI is the shortest distance from the release point on the building roof to the location of the nearest member of the public in the building (measured along the building surfaces). This is the distance calculation required by the COMPLY software (EPA 1989b).
Common Parameters
The input parameters that are common among Berkeley Lab sources include meteorological data and agricultural data. Meteorological data was compiled from onsite data for 2014. Berkeley Lab collects this data from an 86-ft (26-m) tower centrally located on the main site (see Figure 1-3 ) were used. The default value for lid (mixing) height, 3300 ft (1000 m), was chosen. The 2014 wind data are provided in Appendix A.
Agricultural data were obtained from the California Department of Food and Agriculture and the urban scenario was chosen (Wahl 2004) . The values include the following.
• Vegetables, fraction home-produced: 0.076
• Vegetables, fraction from assessment area: 0.924
• Milk, fraction from assessment area: 1
• Meat, fraction home-produced: 0.008
• Meat, fraction from assessment area: 0.992
• Beef cattle density: 1.9 per square kilometer (km 
MEI Dose and Location
Doses from Berkeley Lab's airborne emissions are well below the 10 mrem/yr (0.1 mSv/yr) NESHAP dose standard. As shown in Table 3 -2, the sum of calculated doses from all sources at Berkeley Lab main site in 2014 was 2.7 × 10 -2 mrem/yr (2.7 × 10 -4 mSv/yr) to the MEI (the member of the public who potentially received the highest dose at any offsite point where there is a residence, school, business, or office). The location of this hypothetical person is the UC Lawrence Hall of Science, about 1500 ft (460 m) east of Buildings 55 and 56. The calculated doses from sources at the offsite Buildings 977 and 978 to the nearest member of the public working in the same building (the building-specific MEI) were 1.6 × 10 -4 mrem/yr (1.6 × 10 -6 mSv/yr) and 1.3 × 10 -3 mrem/yr (1.3 × 10 -5 mSv/yr), respectively.
Although no one actually lives at the MEI locations, the EPA-approved software calculates the dose assuming a person resides there 24 hours a day for the entire year, eats meat and vegetables grown nearby (see the agricultural parameters in Section 3.2.2), and drinks water from local wells presumed to be contaminated with deposited airborne radionuclides. Thus the calculated dose to this hypothetical person, the MEI, is greater than the dose to an actual member of the public visiting the Hall of Science or working in Buildings 977 or 978. F is very low -only about 0.3% of the EPA limit of 10 mrem/yr (0.1 mSv/yr). Previous years' emissions sorted by location from the time period 2010 to 2014 are shown in Figure 3 -1. A small increase in dose to the MEI was noted in 2014; this dose was attributable to an increase in emissions from a Building 56 stack. The cause of the increase was a failure in emissions abatement equipment that acts as a scrubber on the accelerator exhaust for short-lived radionuclides. This equipment allows radionuclides to decay in a controlled environment prior to being quantified by radiation monitoring equipment and then emitted to the environment. The equipment issue has since been resolved. This increase does not qualify as an unplanned emission per 40 CFR part 61, subpart H.
The CAP88-PC and COMPLY codes were validated by performing sample assessments. The output of each sample assessment was compared to output provided in the users' guides (EPA 2014 , EPA 1989b . The two outputs are identical, indicating that the code performed as intended. 
Additions or Modifications
There was no facility construction or modification (fabrication, erection, or installation) in 2014 relevant to the NESHAP regulation. Other changes that could affect radionuclide emissions noted in this report include:
• Cessation of research work with radionuclides at Buildings 5 & 16 and the beginning of a planned demolition that is scheduled for calendar year 2015 that will likely create a diffuse source of radioactive material.
Unplanned Releases
There were no unplanned releases in 2014 from Berkeley Lab operations.
Diffuse Emissions
There were no diffuse emissions in 2014 from Berkeley Lab operations.
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Supplemental Information
Collective Dose Estimate
Collective population dose is calculated as the average radiation dose to a person in a specified area, multiplied by the number of people in that area. In accordance with DOE and EPA guidance documents, all radionuclides potentially emitted from the main Berkeley Lab site in 2014 (shown in Table 2 -3) were assumed to be released from a hypothetical, centrally located stack that is 52 ft (16 m) high, is 1 ft (0.3 m) in diameter, and has an exit velocity of 13.5 feet/second (ft/s) (4.1 meters/second [m/s]) (Wahl 2003) . Radionuclides potentially emitted from Building 977 were assumed to be released from the building stack, which is 52 ft (16 m) high, is assumed to be 0.3 ft (0.1 m) in diameter, and has an assumed exit velocity of 0 ft/s (0 m/s). Radionuclides potentially emitted from Building 978 were assumed to be released from the building stack, which is 92 ft (28 m) high, is 0.85 ft (0.26 m) in diameter, and has an assumed exit velocity of 0 ft/s (0 m/s).
The total daytime population within 50 mi (80 km) of the main Berkeley Lab site is approximately 7,253,038 (Bright 2011). 1 The same population was assumed to be appropriate for Buildings 977 and 978, since they are relatively close to (within 3 mi [5 km] of) the main Berkeley Lab site. The population file is provided in Appendix B, which was updated in 2012 to incorporate 2010 U.S. census data (Rose 2012 ). Daytime population is greater than nighttime population in the area surrounding Berkeley Lab, and when doses to both daytime and nighttime populations were compared, daytime population files yielded higher doses, so daytime population was the basis for 2014 collective dose estimates.
The estimated collective dose to persons living within 50 mi (80 km) of the main Berkeley Lab site is 3.2 × 10 -1 person-rem (3.2 × 10 -3 person-Sv) attributable to Berkeley Lab airborne emissions in 2014.
The collective doses from Building 977 and 978 are 3.9 × 10 -6 person-rem (3.9 × 10 -8 person-Sv) and 4.0 × 10 -6 person-rem (4.0 × 10 -8 person-Sv), respectively.
40 CFR 61 Subparts Q and T
Subparts Q and T of 40 CFR 61 are not applicable because Berkeley Lab does not operate a storage and disposal facility for radium-containing material or uranium mill tailings. Rn emissions in quantities having an impact > 0.1 mrem/yr (0.001 mSv/yr) or > 10% of the nonradon dose to the public.
Facility Compliance
In 2014, no release points produced emissions having an impact > 0.1 mrem/yr (0.001 mSv/yr) and no sources were subject to continuous monitoring requirements. Periodic confirmatory measurements were conducted in accordance with the EPA-approved measurement approach ( 
